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REENTRY AERODYNAMIC CHARACTERISTICS OP A 
SPACE SHUTTLE SOLID ROCKET BOOSTER MODEL 4A9 
TESTED IN MSPC 14 X 14 INCH TWT (SA26F) 

By 

J. D. Johnson, NASA/MSFC 
W. F. Braddock, NSX 

ABSTRACT 

Two force tests of a 0.563 percent scale Space Shuttle Solid Rocket 
Booster (SRB) model, MSFC Model 449, were conducted at the Marshall 
Space Flight Center 14 x 14 Inch Trlsonic Wind Tunnel. These tests, 
THT-590 and TUT-595 (combined under NASA Series No. SA26F), occupied the 
tunnel for a total of 76 hours during November 1973 and January 1974, 
respectively. There were a total of 134 runs (pitch polars) made. 

Test Mach numbers were 0.6, 0.9, 1 2, 1.96, 2.74, 3.48, 4.00, 4.45, 
and 4.96; test angles of attack ranged from -10 degrees to 190 degrees; 
test Reynolds numbers ranged from 4.9 million per foot to 7.1 million 
per foot; and test roll angles were 0, 45, 90, and 135 degrees. The 
model was tested with three different engine nozzle/skirts. Two of 
these engine configurations differed from each other In the magnitude 
of the volume Inside the nozzle and sklr:. The third engine configu- 
ration had part of the nozzle removed. The model was tested with an 
electrical tunnel In combination with separation rockets of two 
different heights. 
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nomenclature 


SYMBOI 

PLOT SYMBOL 

DEFINITION 

UNITS 

Abj 


bane areno 

1 2 
in. 

AF 


abbtevlatlon for axial forcti 


^ref 

BREF 

reference apun (diameter of the 
cylindrical section of the model) 

in. 

Ca 


total axial force coefficient in 
the body axis system 


S 

CAB 

base axial force coefficient 
(see text) 



CA 

total axial force coefficient in 
the missile axis system, 




rolling moment coefficient in 
the body axis system 


C 

2m 

CBL 

rolling moment coefficient in 
the missile axis system, 


Cm 


pitching moment coefficient in 
the body axis system 


^1% 

CLMM 

pitching moment coefficient in 
the missile axis system, 

Sref Href 


Cn 


normal force coefficient in the 
body axis system 


^Nm 

CNM 

normal force coefficient in the 
missile axis system, 


Cn 


yawing moment coefficient in the 
body axis system 



CYNM 

yawing moment coefficient in the 
missile axis system, 

®ref ^ref 
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SYMBOL 


PLOT SYMBOL 


DEFINITION 


UNITS 


^Pbl 

Cy 

Cv CYM 

*m 

DCA 

6C£ DCBL 

6C„^ DCLMM 

5Cn„ DCNM 

fiCyju DCYM 

DCYNM 

"m 

DSEPRT 


base pressure coefficient; 

^bl ~ 

side force coefficient In the 
body axis system 

side force coefficient In the 
missile axis system, 

®ref 

Incremental axial force 
coefficient due to a specific 
difference In configuration 

incremental rolling moment 
coefficient due to a specific 
difference in configuration 

incremental pitching moment 
coefficient due to a specific 
difference In configuration 

Incremental pitching moment 
coefficient due to a specific 
difference In configuration 

Incremental side force 
coefficient due to a specific 
difference In configuration 

incremental yawing moment 
coefficient due to a specific 
difference in configuration 

parameter name describing the 
comparison of separation rocket 
height. The number 1.0 indicates 
that data from runs in which the 
$2 rockets were mounted on the 
model were subtracted from data 
runs where the rockets were 
mounted 
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SYMBOL 


PLOT SYMBOL 


DKFlNmON 


DNITS 


a^,p/ £|^ OXCP/L 


«Y^.p/£g OYCP/L 


ELT 




^Yn, 


^body 

£^gf LREF 


M MACH 

My 

% 


Incrpmontnl lonp,lTii(4J-nnl it'ntor 
of prffflrturo Locaf. ion duo to a 
specific dlffcrouco In 
configuration 

incremental lateral oenter of 
pressure location due to a 
specific difference In 
configuration 

parameter name describing the 
electrical tunnel. Number of 
1.0 indicates an electrical tunnel 
is mounted on the SRil at an angular 
location as described by phi (<{>). 
(Model roll angle is based on the 
position of electrical tunnel) . 


total axial force in the missile 

axis system, positive in the 

negative direction of lb. 

normal force in the missile axis 
system, positive in the negative 
direction of lb. 

side force in the missile axis 
system, positive in the positive 
direction of Yj^ lb. 

length of body in. 

reference length (diameter of 

the cylindrical section of the 

model) in. 


Mach number 

rolling moment in the missile 
axis system, i.e. , moment about 
the X^-axis (a positive rolling 
moment tends to rotate the 
positive Y^,-axls toward the 

positive Z^-axis in. -lb 
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SYMBOL PLOT SYMBOL 


DEFINITION 


UNITS 


I 




NF 

^’bi 

Pt 

P« 

PM 

BM 

S^ef SREF 


SF 


pitching roomnnt In the mlHHlln 

njtln syntpm; l.c,, mpronnt about 

Cbo Yn,=flxlfl (o ponlttvo pitching 

momont tondn to rototo the 

pooltlvp i?^“n}«lH toward tho 

pooltlvo X,„-nxln) In.-lb 

yawing moment in the mlaoile 

axis systami l.e., moment about 

the Z„,-axla (a positive yawing 

moment tends to rotate the positive 

Xj„-axl8 toward the positive Y,^-axis) In. -lb 

abbreviation for normal force 

base pressures psi 

free stream total pressure psi 

free stream static pressure pel 

abbreviation for pitching moment 

free stream dynamic pressure psi 

abbreviation for rolling moment 

reference area (cross sectional 

area of the cylindrical section 2 

of the model) in.^ 

abbreviation for side force 


3EPRKT parameter name describing the 

separation rockets. The number 
1.0 indicates that the rockets 
were mounted on the model. The 
number 2.0 indicates that the $2 
rockets were mounted 


Tt 


o 


F 


tunnel total temperature 


SYMBPJi 

XMll*, 
Vi*mP , 
ZMIU’ 

YM 

“T 


PLOT SYMBOL 
XCP/L 


XMRP, 

YMRP, 

ZKP.P 

Ycr/L 


ALPHA 


PHI 


BETA 


PVDSTK 


UEFI NITION 

IpoRitudinal rnutpr ni lUfh.'iurt! 
iPfirtClon In pnrcpnP ol body 
InnHth frnm noup; 

s MRi’ ^ \ 

‘*'body \^'N|„/ \*'bndy/ 

minnl'lo njcon (ikh'. ti'Kt) 


ubbrev.laUunti for the foodClon 
of uho momont roi'oronop point 
In the mini) Id (’ axli) fiyntein 


lateral center of proHHuro 
location in percent of body 
length from none; 


xm 

T' 



body 


abbreviation for yawing moment 


angle of attack , angle b( tueea 
the Xm-axls and a vector 
the direction of the air flow 

k 

roll angle; i.e.i angle between 
the missile Ytn-axls and the body 
Y-axis (from a pilot’s viewpoint 
in an airplane, a positive roll 
angle is a clockwise rotation). 

The plot symbol describes the 
specific protuberance angular 
location in degrees (see Figure 7) 


sideslip angle, body axis system, 
degrees 


parameter name describing the for- 
ward strake on the body; number in 
front of decimal ivS the number of 
strakes; number after decimal is 
the length of the strake in calibers 


Mils 


in. 


degrees 


degrees 
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Vl'i'iflQL PLOT SYMBOL 
AFTSTK 

SHDSTK 

ATHRNG 

ATHS 

CONFIG 


SUBSCRIP TS 

b 


DEFINITION 

parametep name deac'’ thing Che afc atrake 
on the body; number In front of decimal 
la the number of atrakoa; number after 
decimal la the length of the atrake In 
caliber a 

parameter name describing the shroud 
strokes; number Indicates the presence 
of eight strokes; number 0.000 indicates 
no strokes. 

parameter name describing the attachment 
ring; number Indicates the presence of 
the ring 

parameter name describing attachment hardware 
number Indicates the presence of attachment 
hardware 

configuration code numbered as follows; 

1— NBRE^A 

2— NBREi 
S—NBRE^SiELT 

4 - -NBREj^S2ELT 

5— NBRE^B 


base 


c.g. 


1 


m 

ref 

t 


center of gravity 

Identifies the location of the base 
pressure measurements 

missile axis system 

reference conditions 

total conditions 

free stream conditions 


9 


INTRODUCTION 


Thii wind tunnel tcnta de^eribud herein are a canrinuation of a 
nerien u£ force teatn (References 1, 2, 3| 4, and 5) conducted to 
evaluate the static aerodynamic stability of a Space Shuttle Solid 
Rocket Booster (SRB). All of these tests were designed to provide 
aerodynamic data under simulated reentry flight conditions of the SRBs 
after separation from the space shuttle launch configuration. 

The model was tested with three different engine nozzle/skirt 
configurations. Two of these engine configurations differed from each 
other in the magnitude of the volume inside the nozzle and skirt. 

The third engine configuration had part of the nozzle removed. 
Separation rockets of two different heights, in conjunction with an 
electrical tunnel, were mounted on the model during some tests. 

Test Mach numbers were 0.6, 0.9, 1.2, 1.96, 2.74, 3.48, 4.00, 
4.45, and 4.96; test angles of attack ranged from -30 degrees to 190 
degrees; test Reynolds numbers ranged from 4.9 million per foot to 
7.1 million per foot; and test roll angles were 0, 45, 90, and 135 
degrees. 
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MODR’. AND SUPPORT HARDWARE 


Model DeBegtptl.o n 

The model, MSEC model 4A9, is a 0,563 percent scale model of a 
142“lnch diameter SRB. Details of this stainless steel model are 
presented in Table 3 and Figures 2 , 3 , 4 , 5 , 6 , and 7 . Figure 2 
presents the dimensions of the major geometric body segments and the 
attachment ring. The attachment ring was a scaled representation of a 
structure used to attach the SRB to the Space Shuttle External Tank. 

The attachment ring was affixed to the model throughout the wind tunnel 
test. 


Figures 3, A, and 5 present the dimensions of the three engine 
nozzle/skirt configurations used during this test. The engine configu- 
rations differed in the extent of nozzle and skirt internal volume and 
in the length of the nozzle. They were used to investigate the effects 
of these variables on the aerodynamic static stability characteristics 
of the SRB. 

Figures 6 and 7 present the dimensions of the separation rockets 
and the electrical tunnel. Figure 8 presents the location and roll 
sign convention of these protuberances . The separation rockets and 
the electrical tunnel are scaled representations of protuberances 
considered for use on the SRBs. They were used on the model only 
during selected parts of the test. 



The model parts we.ro given symbols to aid in lUentlf teation of test 
configurations. These symbols ares 


N nose 


a cylindrical body 

R attachment ring 


Ej^ engine nozzle/skirt 

engine nozzle/skirt v/ith deep cutouts inside skirt 
and nozzle 

engine nozzle/skirt with 64.2 inches (full 
scale) removed from nozzle exit 

S- body and skirt mounted separation rockets, 44.75 

Inches (full scale) high 

S„ body and skirt mounted separation rockets, 22.375 

inches (full scale) high 

ELT electrical tunnel mounted on cylindrical body in 

same plane with separation rockets 


Some significant features of the design and construction of this 
model are: 

o The model was made in three major sections: nose, body 

and engine nozzle/skirt 

o Nose and engine can be switched end for end in order to 
test at angles of attack above 90 degrees. 

o There are two cylindrical bodies. One is a solid cylinder 
and is used for a sting adapter mounted from tVie end. 

The other is made in two parts with an opening in the side 
so that it can be fitted around a side mount. 

o Both bodies are mounted in the same position relative to 
the balance and maintain that position when the nose and 
engine nozzle/skirt are switched end for end. 


o The attachment I'ing, which waa affixed to the body through- 
out thla teat, has mounting locations on each end of both 
bodies so that it can maintain its position relative to 
the nose and engine. 

0 A slotted ring was necessary for certain side mount eases. 

0 Roll angles (applicable only when separation rockets and 
electrical tunnel are attached) were changed by votatlng 
the nose section (to which the forward separation rockets 
were attached) to different angles, mounting the electrical 
tunnel at different locations on the body, and mounting 
the aft separation rockets at different locations on the 
skirt. The sign convention for roll angles Is shown in 
Figure 8. 

o The engine had a sting cavity through the center of Its 
nozzle. This 0.625 Inch diameter hole was closed with a 
plug whenever the model was not tall mounted to eliminate 
flow through the balance cavity. 

0 There were two noses. One was complete and the other had 
a 0.625 Inch diameter hole through its center. This hole 
was necessary for sting passage when the model was nose 
mounted. 

o Engine was destroyed when the aft 0.362 Inch of the 
nozzle was removed to make.Ej^g. 


Figure 9 Is a photograph of a typical nose mount tunnel 
installation. 


Support Hardware Description 

Seven pieces of the MSFC double knuck.'.<> sting were used during 
this test. These are: 

0 Sting adapter no. 1 

0 Sting adapter no. 3 

0 Sting no. 1 

0 Sting no. 3 


o ll.’lanco .vUaptt'i’ no. in 

o balance adapter no. IIB 

o baiance adapter extension no. 80M42509. 

Table 4 lists the combinations of support hardware and associated 
anj'le of attack ranges used in this test. 

The "sting adapters" (Figure 10) adapted the stings to the model 
support system of the test facility. 

Using different mounting hole combinations, the; "stings" (Figure 
11) are adjustable In angle relative to both the sting adapters and the 
balance adapters. 

The "balancing adapters" (Figures 12 and 13) connect the balance 
to the sting. No. 113 is a straight adapter and No. 118 (referred to 
as MSFC "sting" No. 118) has a 90 degree offset. V'Jhen tlie straight 
adapter was used (-10 £ « ^ 50 degrees and 130 < a 190 degrees), a one 
Inch "balance adapter extension" (Figure 14) was used for proper tunnel 
position and adequate base clearance. 

The tvvo support hardware combinations used In these tests (end 
mount and side mount) are shown in Figures 15 and 16. The foui ways 
that tlie model can be mounted on these two support hardware cumbtnallons 
are Illustrated in Figures 17 and 18. 
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coisifictUrations investigated 


The run schedule, i.e., data set collation sheet, for these tests, 
MSEC TWT 590/595, is shown In Table 2. This table contains the data 
set collation Identifiers for ♦’he test and Identifies the nominal 
conditions at which various configurations were tested. These con- 
ditions are angle of attack (a), roll angle (4i), and Mach number. 

Table 5 presents a summary of Table 2 and also lists the collective 
data set Identifiers (several angle of attack ranges grouped together). 

Configuration NBREj_ was a 0.563 percent scale model of a 142 inch 
diameter SRB configuration, less electrical tunnel and nose attachment 
hardware (Figures 2 and 3). NBREj^ was tested In TWT 578 (Reference 5) 
and referred to in that test as NBE]^. NBRE^ was used as the basis for 
comparison for the other four configurations. 

Configuration NBREj^ was made from NBREj by replacing the nozzle/ 
skirt with one that had a much more hollowed out skirt and nozzle 
(Figure 4). 

Configuration NBRE^g was made from NBREj^^ by removing the aft 
64.2 Inches (full scale) from the nozzle (Figure 5). 

Configuration NBRE^^Sj^ELT was made from NBREj^ by attaching separation 

rockets (Figure 6) and electrical tunnel (Figure 7). The separation 

rockets and electrical tunnel are positioned on the lee side of the 

SRB at zero roll angle and angle of attack between 0 and 180 degrees 
(Figure 8). 
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TEST FACILITY 

The Marshall Space Flight Center 14" x 14" Trl sonic Wind Tunnel Is 
an Intermittent blowdown tunnel which operates by high pressure air 
flowing from storage to either vacuum or atmospheric conditions. A 
Mach number range from .2 to 5.85 is covered by utilizing two Inter- 
changeable test sections. The transonic section permits testing at 
Mach 0.20 through 2.50, and the supersonic section permits testing at 
Mach 2.74 through 5.85. Mach numbers between .2 and .9 are obtained 
by using a controllable diffuser. The range from .95 to 1.3 is achieved 
through the use of plenum suction and perforated walls. Mach numbers 
of 1.44, 1.93 and 2.50 are produced by Interchangeable sets of fixed 
contour nozzle blocks. Above Mach 2.50 a set of fixed contour nozzle 
blocks are tilted and translated automatically to produce any desired 
Mach number in .25 increments. 

Air is supplied to a 6000 cubic foot storage tank at approximately 
-40°F dew point and 500 psi. The compressor is a three-stage recipro- 
cating unit driven by a 1500 hp motor. 

The tunnel flow is established and controlled with a servo-actuated 
gate valve. The controlled air flows through the valve diffuser intc 
the stilling chamber and heat exchanger where the air temperature can 
be controlled from ambient to approximately 180°F. The clr then passes 
through the test section which contains the nozzle blocks and test region. 
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Downstreair. of the teat section is a hydraulically controlled pitch 
sector that provides a total angle of attack range of 20® (+ 10°). Sting 
offsets are available for obtaining various maximum angles of attack up 
to 25°. 

The diffuser section has movable floor and celling panels which are 
the primary means of controlling the subsonic Mach numbers and permit 
more efficient running supersonically. The sector assembly and super- 
sonic diffuser telescope into the subsonic diffuser to allow easy access 
to the model and test section. 

Tunnel flow is exhausted through an acoustically damped tower to 
atmosphere or into the vacuum field of 42,000 cubic feet. The vacuum 
tanks are evaluated by vacuum pumps driven by a total of 500 hp. 

Data are recorded by a solid-state digital data acquisition 
system. The digital data are transferred to punched cards during the 
run to be reduced later by a computer to proper coefficient form. 
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DATA ACQUISITION AND PEDUCTJON 

The parameters measured and recorded during this test were: 
o Wind tunnel conditions (Pmi P^, T^.) 

o Six-component force and moment data 

o Sting attitude 

o Base pressure (-10 ^ o £ 50 degrees only) 

Tunnel conditions were used to calculate the Mach number, the dynamic 
pressure, and the Reynolds number (Table 1); the six-component force 
and moment data were used to calculate static stability coefficients; 
the sting attitude, nominal model attitude, and deflection calibrations 
were used to calculate the model angle of attack; and tne base pressures 
were used to calculate base pressure coefficients. 

Base pressures were, recorded only over the angle of attack range 
from -10 to 50 degrees; i.e., only when the model was on a tall mounted 
sting. Figure 19 shows the location of the pressure tubes. A tabulation 
of the base pressure coefficients (Cp^^) is Included In the appendix 
to this report. Zeroes are listed where base pressures were not 
recorded. 

As stated above, the six-component force and moment data were used 
to calculate six-component static stability coefficients. These data 
are listed in Table 1 . The six coefficients, (’)■„,, 

and CYtn> are coefficients in the missile axis system. 
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The missile axis system (X^.Yj^.Z^) is a non-rolling body axis 
system that is frequently used in wind tunnel tests and studies of 
missile flight dynamics. It is a system of axes that rotates with a 
missile or wind tunnel model through angles of attack but never through 
angles of roll; i.e. , It never rotates about the missile or model longl' 
tudinal axis. The orientations of the missile axes coefficients are 
defined In Figure 1. The missile axis system is Identical with the 
body axis system at zero roll angle. 

Six-component static aerodynamic coefficients in the missile axis 
system may be converted to coefficients in the body axis system with 
the following six equations: 

^Ym 

Cy “ ^Njjj sip <() + Cy^ COS (|> 

« Cz 

m 

^m ‘ ^mn, sin d) 

Cn “ sin <|. + cos <J> 

The following reference dimensions were used to calculate the 
static stability coefficients: 

Parameter Full Scale K odel Scale 

Reference Area 

109.98 ft^ 0.503 In.^ 


based on body cross section 


Paramo ttir 


Model Scale 


Reference. Length 

model diameter 

Moment Reference Center 
(from body nose) 

*XMRP 
YMRP 
ZMRP 

The force and moment data were corrected for model weight tares but 
tunnel flow angularity was assumed to be zero. 

DATA PRESENTATION 

Data are presented in two forms: (1) aerodynamic static stability 

coefficients and center of pressure location are plotted as a function 
of angle of attack and (2) data tables are presented that include six 
static stability coefficients, two base pressure coefficients, wind 
tunnel flow conditions, and model attitude (angle- of attack and roll 
angle) . 

Data Plots 

The plots of the static stability coefficients and center of 
pressure location are presented in the following groups: 

*Note: XMRP (56.69% of total length without portion of nozzle removed, 

measured from nose tip) 


Full Scgla 


re 


f) 


142 in. 


0.800 in. 


y86.97 in. 
0 
0 


!i. 7 in. 
0 
0 
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o Aorpdyn«ral.c charactariatlcs of a Solid Rocket Booster 
(NBREj at M -- 2.74) 

0 Aerodynamic characteristics of a SRB with different engine 
nozscle/skirts (Ej., E]j\ and Ej^g) 

o Effect of truncated nozzle on SRB aerodynamic 
characteristics (E^g - E 2 ^^) 

0 Aerodynamic characteristics of a SRB with separation 
rockets and electrical tunnel (Sj^) 

o Aerodynamic charaeteristlca of a SRB with separation 
rockets and electrical tunnel (S 2 ) 

o Effect of separation rocket height (S^ - S 2 ) 

Table 6 presents, for each configuration or comparison of configu- 
rations, the coefficients which are plotted and the Mach numbers for 
which data are available. 

Data Tables 

Data tables, presented in the appendix as tabulated source data, 
are presented for each of the 134 runs that were made during these 
tests. They are presented in the order of data set number. Each table 
contains a listing of the six static aerodynamic stability coefficients 
Two base pressure coefficients (Cpgj^) are listed. Values appear for 
those runs that had base pressures recorded, and zeroes appear for 
those runs that did not. Each table also includes information that 
describes the model configuration, the model attitude, the tunnel flow 
conditions, and model reference dimensions. 

If base axial force coefficients are desired, the equation to be 


2 


Hut'd in: 



JtatH! prtKiHure data were taken only during nmii wlicr.' th.- model wan tall 
mounted. Conligurutiona NBRBj and NBUk^S^liLT were tlu* only coni lgu- 
rationH tested In this manner. Their base areas are the same and are 
as follows: 

= 0.500 sq. in. 

Ajj 2 “ 0.419 sq. in. 
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Table 3. 

MODEL DIMENSIONAL DATA 


MODEL COMPONENT ; Nncp.N 

GENERAL DESCRIPTION: 142 Inch SRB nose, cone angle Is 18° with a spherical 

y>afHua nose can. (The nose was cut to allow for sting mounting When angle Qf 
attack exceeded 130°1. 


DRAWING NUMBER; 

DIMENSIONS ; 

Length 
Max. Width 
Max. Depth 
Fineness Ratio 
Area 

Max. Cross-Sectional 

Planform 

Wetted 

Base 


THEORETICAL 

FULL-SCALE MODEL SCALE 



1 AM in 

142 

in. 

0.8 

in. 

142 

in. 

0.8 

In. 

1.32 

1.32 


109.98 ft^ 


0.503 in.^ 


109.98 fV 


0.503 in.^ 


Length When Drilled for 
Sting Mounting 
(see Figure 6) 


0.271 in. 


29 






Table 3. (Continued) 


! 

MODEL COMPONENT: Attachment Ring - R 

GENERAL DESCRIPTION: An attachment ring (used to attach SRB to ET) is locate d 

V 1.127 Inches model scale (200 Inches full scale) forward of the shroud flare. 


DRAWING NUMBER; 

THEORETICAL ACTUAL MEASURED 


DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

MODEL SCALE 

Length 




Max. Width 

10.3 in. 

0.058 in. 


Max. Depth 

10.6 in. 

0.059 in. 


Fineness Ratio 




Area 

Max. Cross-Sectional 




Planform 




Wetted 





Base 


31 


i 


Table 3. (Continued) 


MODEL COMPONENT; Engine No2zle/Sk1rt - - — . — — 

GENERAL DESCRIPTION: 1A2 -loch- diAineter SR B engine nozzle/skirt combination. 

Both are sy>nmetrica1 with the SRB body and were cut to allow for sting mount_ina_ 
for angles-of-attack -lO to 50**. The model was hollowed ~1/8 Inch inside the _ 

skirt and 0.867 Inches inside the nozzle to simulate full scale. 

DRAWING NUMBER; 

THEORETICAL 

DIMENSIONS; FULL-SCALE MODEL SCAL _ E _ 

Engine Skirt 


Flare Angle 

15°03' 

15°03* 

Length 

93 in. 

0.524 in. 

Max. Width 

192 in. 

1 .082 in. 

Max. Depth 

192 in. 

1.082 in. 

Max. Cross Sectional Area 

201.1 ft^ 

.920 in. 

jine Nozzle 



Exposed Length 

52.2 in. 

0.294 in. 

Max. Width 

141 .6 in. 

0.798 in. 

Max. Depth 

141.6 in. 

0.798 in. 

Base Area 

109.52ft^ 

0.500 in.^ 
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Table 3. (Continued) 


MODEL COMPONENT: Engine Nozzle/Skirt - E.|^ 

GENERAL DESCRIPTION: 142 Inch di aiweter SRB engine nozzle/ski 

J Both are_sj^mwetr1ca1 with t he SRB body. The model was hollowed 0.524 Inches l 
the skirt and 1 1/4 Inches inside the nozzle to simulate full scale. 


DRAWING NUMBER: 


THEORETICAL 


DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Engine Skirt 



Flare Angle 

15 “03' 

15“03' 

Length 

93 In. 

0.524 In. 

Max. Width 

192 In. 

1.082 In. 

Max. Depth 

192 In. 

1.082 In. 

Max. Cross Sectional Area 

201.1 ft^ 

.920 1n.^ 

Engine Nozzle 



Exposed Length 

52.2 In. 

0.294 In. 

Max. Width 

^41.6 In- 

0.70fl in 

Max. Depth 

in. 

-^■798 In. 

Base Area 

109.52 ft^ 

_Q.5QQ 


for angles of attack -10 to 50®. The model was hollowed 0.524 inches inside the 
skirt and 0.888 inches inside the nozzle to simulate full scale. 


I 


r DRAWING NUMBER; 


THEORETICAL 

DIMENSIONS: FULL-SCALE MODEL SCALE 


Engine Skirt 




Flare Angle 

15°03' 

15“03' 

•1 

Length 

93 in. 

0.524 in. 


Max. Width 

192 in. 

1.082 in. 


Max. Depth 

192 in. 

1.082 in. 


Max. Cross Sectional Area 
Engine Nozzle 

201.1 ft^ 

0.920 in.^ 

■] 

! 

\ 

Depth Inside Skirt 

12 in. 

0.068 in. 

I 

Max. Width 

109.6 in. 

0.617 in. 

■i 

Max. Depth 

109.6 in. 

0.617 in. 

s 

Base Area 

65.52 ft^ 

0.299 in.^ 

1 
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Table 3 , (Continued) 


MODEL COMPONENT; S eparation R ock ets - 

GENERAL DESCRIPTION: Two separation rocket pods (used to separata the SRB fr om 
the external tank) mounted In line with one another, one on the cylindrical bo dy 
Just behind the nose and the other on the engine skirt. 


DRAWING NUMBER; 80M32621 

DIMENSIONS ; 

Length 
Max. Width 
Max. Depth 
Fineness Ratio 
Area 

Max. Cross-Sectional 
Planform 


THEORETICAL 

FULL-SCALE MODEL SCALE 


0.41fl tiL 

13.0 In. 0.073 In. 

44.7 in. 0.252 In. 


Wetted 


Table 3- (Continued) 


MODH. COMPONENT ; Sepai-atton Rockets - 5, 


GtNERAt DESCRIPTION: TWP se pat^a t l n n rocket pn t1 »^ . ( u sed to - a j 

^xt Tjt^nal t^pk^ '**'*^^ ancitheif’ . afie_ nn the cvllndtl &alJiOdy 



DRAWING NUMBER: 

DIMENSIONS ; 

Length 
Max. Width 
Max. Depth 
Fineness Ratio 
Area 

Max. Cross-Sectional 

Planform 

Wetted 

Base 


THEORETICAL 

FULL-SCALE MODEL SCALE 

72.8 In. Q,4 LQ.-LiL- 

13.0 in. 0.073 in. 

22.4 in. 0.126 in. 
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Table 3. (Concluded) 


MODEL COMPONENT: , pit 

GENERAL DESCRIPTION: The electrical tunnel runs along the outside of the SRB 
cylindrical body to protect the various electrical cables ffow4orodynani1c 
loading. 


DRAWING NUMBER; 

DIMENSIONS ; 

Length 
Max. Width 
Max. Depth 
Fineness Ratio 
Area 

Max. Cross-Sectional 

Planform 

Wetted 

Base 


THEORETICAL 

FULL-SCALE . • MODEL SCALE 

"1274 *in. "7.12 In . 

13 in. 0.073 I n. 

6 in. 0.034 In. 
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Table 4. SUPPORT HARDWARE COMBINATIONS 
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Table 5. TEST SUMMARY 













Fiaure 1. - Body and Missile Axis Systems 


















Figure 7. ELECTRICAL TUNNEL (ELT) 






Figure 9. TYPICAL NOSE MOUNT INSTALLATION 

















NOTE; ALTERNATE HOLE SET B, 4, 5, 6 
SHIFTEL 0.360" FROM HOLE SET A, 1, 2, 3. 



HOLES A-2 AND B-5 RADIUS = 0.80 
HOLES A 1, 3 AND B-4, 6 RADIUS =1.15 


Figure 13. BALANCE ADAPTER 118 (MSFC STING NO. 118 FROM MSFC DRAWING 80M42582) 
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BALANCE ADAPTER NO-. 113 



Figure 15. SUPPORT SETUP -END MOUNT 
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STING ADAPTER NO. 3 


BALANCE ADAPTER NO. 118 


Figure 16. SUPPORT SETUP-SIDE MOUNl 
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MOUNTING ARRANGEMENTS FOR ANGLE OF ATTACK - 10 to 100 DEGREES 





Figure 18. MOUNTING ARRANGEMENTS FOR ANGLE OF AHACK 80 to 190 DEGREES 
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REAR VIEW OF SRB 


Figure 19. BASE PRESSURE LOCATIONS 
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AER3DYMMiC CHARACTERISTICS OF A SOLID ROCKET BOOSTER 
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ANGLE OF ATTACK. ALPHA. DEGREES 

AERODYNAMIC CHARACTERISTICS OF A SOLID ROCKET BOOSTER 
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AERODYNAMIC CHARACTERISTICS OF A SRB WITH DIFFERENT NOZZLE / SKIRTS 
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AEROOYNAHIC CHARACTERISTICS OF A SRB WITH OIFFEREN 











aerodynamic characteristics of a SRB kith different nozzle / SKIP 
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EFFECT OF TRUNCATED NOZZLE ON SRB AERODYNAMIC CHARACTERISTICS 



EFFECT 3F '"?UNCATEO NOZZLE ON SRB AEROOYNAHIC CHARACTERISTICS 
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EFFECT OF T-jNCATED NOZZLE ON SRB AERODYNAMIC CHARACTERISTICS 
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